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(54) Reduction of load in a GPRS network 

(57) A general pacl<et radio service (GPRS) system 
includes radio network controllers (RNC 15 to 18), sup- 
port nodes (SGSN:13,14) and a gateway support node 
(GGSN:1 2) connected in a tiierarchlcal order for packet 
transmission between mobile stations (1 9,20) in the sys- 
tem. Each of each RNC (15 to 18), each SGSN (13,14) 
and GGSN has a transmitter and receiver for directly 



transmitting and receiving cun-ent location infonnation 
of mobile stations (19,20) and a communication path 
controller to return the request for coupling toward sub- 
ordinate node or controller if the subordinate node or 
controller includes the destination mobile station (20). 
Accounting for the packet service is perfonmed by the 
communication path controller for packets delivered 
through the return path. 
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Descrlptipn 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

[0001 ] The present Invention relates to a GPRS (gen- 
eral packet radio service) network system and, more 
particularly, to a GPRS network system which is capable 
of mobile communication without significantly modifying 
the structure of the current GPRS network system while 
adding some Interfaces, for example, thereto. 
[0002] The present invention also relates to a mobile 
communication method used in such a GPRS network 
system. 

(b) Description of the Related Art 

[0003] GPRS is known as a packet switching sen/ice 
using a GSM (global system for mobile communication) 
backbone network. The GSM network system is a digital 
cellular phone system prescribed in the unified Europe- 
an telecommunication standard. 
[0004] The techniques for the telecommunication sys- 
tem used In the GPRS network system are described in 
JP-A-2000-201172 and PCT domestic publication 
2001-517910, for example. Other PCT domestic publi- 
cations 2000-503825, 2001-508970 and 2001-508971 
also describe techniques for the GPRS communication 
networks. 

[0005] Fig. 8 shows a block diagram of a typical com- 
munication system using the conventional GPRS sys- 
tem, wherein a public land mobile network (PLMN) 300 
and an IP network 200 are depicted. A plurality of base 
stations (not shown In the drawing) In the PLMN 300 are 
connected to one of the higher-order-node radio net- 
work controllers (RNC) 55 to 58, and communicate with 
subordinate mobile stations such as mobile stations 59 
and 60, i.e., mobile stations staying within the cellular 
area of the base station and thus belonging to the base 
station. Each radio network controller RNC constitutes 
a starting point and a temiinal point of a GTP encapsu- 
lating using the GPRS tunneling protocol (GTP). 
[0006] Principal nodes constituting the GPRS net- 
work 300 include two types of node including a support 
node SGSN (serving GPRS support node) as a lower- 
order node and a gateway node GGSN (gateway GPRS 
support node) as a higher-order node. These support 
node SGSN and gateway node GGSN have a function 
of relaying communication between a user terminal (or 
source mobile station) and a destination mobile station. 
[0007] A support node SGSN 53 or 54 effects data 
transmission between the same and the mobile station 
such as 59 or 60 or a gateway node GGSN 52 in the 
PLMN 300. For example, a support node SGSN 53 col- 
lects up-iink calls from the subordinate radio network 
controllers RNC 55 and 56 and distributes the down-link 
calls delivered from a superordinate gateway node 



GGSN 52 toward the subordinate radio network control- 
lers RNC 55 and 56. The support node SGSN 53 man- 
ages a packet service between the same and the gate- 
way node GGSN 52 by tunneling. The support nodes 
5 SGSN receive the subscriber data stored in a home lo- 
cation register (HLR) 51 and have therein at any time a 
copy thereof. 

[0008] It should be noted that the public land mobile 
network (PLMN) 300 is one of communication areas un- 

10 der the control of a mobile communication can-ier. It is 
usual that a large number of support nodes SGSN are 
provided in a PLMN 300; however, only two of the sup- 
port nodes SGSN 53 and 54 are depicted in Fig. 8. 
[0009] The home location register HLR 51 Is a data- 

15 base node for storing subscriber data including regis- 
tered location information of the mobile stations and ac- 
counting information thereof, and delivers a copy of the 
subscriber data to the support nodes SGSN 53 etc. upon 
request therefrom. More specifically, the home location 

20 register HLR 51 stores pemianent subscriber data as to 
each of the mobile subscribers, such as including a mo- 
bile station ISDN number (MSISDN) which specifies a 
proprietary mobile subscription by using a PSTN num- 
bering plan, and an intematlonal mobile subscriber iden- 

25 tity (IMSI) which is a proprietary identity or ID allocated 
to each subscriber and used for Identification during the 
signal transmission in the mobile network system. 
[0010] The hole location register HLR 51 also stores 
therein data including the current subscriber location 

30 number con'esponding to the address of VLR (visitor lo- 
cation register) in service for the mobile subscriber and 
a list of the services allowed to the mobile subscriber. 
All the infomnation for the subscriber with respect to the 
network is stored in the HLR 51 In relation to the IMSI 

35 of the subscriber. It should be understood that the loca- 
tion registry of each mobile station MS in the hole loca- 
tion register HLR 51 is effected via the support node SG- 
SN, the address of which is also stored as the SGSN 
address in the home location register HLR 51 . 

40 [0011] The gateway node GGSN 52 functions as a 
logical intertaceto an external data packet networi< such 
as an IP data network 200, and operates for coupling 
between networks 300 and 200. More specifically, the 
gateway node GGSN 52 collects up-IInk calls from the 

45 subordinate support nodes SGSN 53 and 54 and ac- 
cesses the external IP data network 200. In Fig. 8, it is 
assumed that the IP network 200 is to be accessed at 
the gateway node GGSN 61 of the IP network 200 as 
an access point. The gateway node GGSN 52 in the 

50 GPRS network 300 sets up a tunnel down to the support 
nodes SGSN 53 and 54 for down-link calls. 
[001 2] It Is noted that the specification for the current 
3GPP (third-generation partnership project) is only di- 
rected to traffics wherein a mobile station either origi- 

55 nates a call to a server or host computer within the In- 
ternet or answers a call from the server or the host com- 
puter. That is. In the cun-ent 3GPP, there Is no specifi- 
cation that prescribes the traffics between the mobile 
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stations within the same GPRS network 300. 
[0013] However, it is considered that a demand for 
communication occurs between mobile stations both re- 
siding within the same radio communication network, 
and in an extreme case, a demand for communication 5 
may occur between mobile stations staying within the 
same area of the radio communication networl<, such as 
within the same building. 

[0014] Thus, as the present inventor considers, It Is 
preferable that such a communication be performed io 
within the same GPRS network. Particularly, consider- 
ing that a mobile-to-mobile communication can be 
achieved by setting a return path at a node within the 
network, such a return path Is especially preferable be- 
cause reduction of the communication path or avoid- is 
ance of congestion at the gateway node GGSN Is ob- 
tained. For this purpose, it is desirable to add some ar- 
chitecture in the scheme of the 3GPP system of the 
GPRS configuration. This should be achieved as by 
adding a new-type node in the network without introduc- 20 
ing a significant modification of the structure in the sys- 
tem, which raises the development costs or Implemen- 
tation costs. 

SUMMARY OF THE INVENTION 25 

[0015] In view of the above, it is an object of the 
present invention to provide a GPRS network system 
which is capable of reducing burden on the network sys- 
tem and the account of the mobile stations without a sig- so 
nif leant modification of the structure in the current GPRS 
system, especially in the case of a mobii.e-to-mobiie 
communication 

[0016] The present Invention provides in one aspect 
thereof a general packet radio service (GPRS) network 35 
system including; a gateway node (GGSN) having a 
function for coupling the GPRS network system to an 
external packet data network for packet transmission; a 
plurality of support nodes (SGSN) each subordinate and 
connected to the gateway node for packet transmission; 40 
a plurality of radio network controllers (RNC) each sub- 
ordinate and connected to one of the support nodes for 
packet transmission, each the radio network controller 
having a subordinate radio network; a plurality of mobile 
stations each coupled to the cellular node of one of the 
radio network controllers; and a home location register 
(HLR) for storing current location infomiation of the mo- 
bile stations in conjunction with ID thereof, wherein at 
least one of the GGSN. each the SGSN and each the 
RNC Includes a transmitter for directly transmitting to so 
the home location register cun-ent location information 
supplied from one of the mobile stations, a receiver for 
directly receiving the current location information of a 
specified one of the mobile stations stored in the home 
location register, and a communication path controller ss 
for transferring a packet of a coupling request delivered 
from a source mobile station through a forward path to 
a higher-order node or through a return path to a sub- 



ordinate node, controller or radio network. 
[0017] The present invention also provides in another 
aspect thereof a method for communicating packets be- 
tween mobile stations in a general packet radio service 
(GPRS) networksystem, wherein a plurality of radio net- 
work controllers (RNC) each controlling own radio net- 
work, a plurality of support nodes (SGSN) and a gate- 
way node (GGSN) are connected in a hierarchical order 
for packet transmission and wherein a home location 
register (HLR) stores current location infonnation of mo- 
bile stations used in the network system, the method 
comprising the steps of: allowing the HLR to deliver lo- 
cation Infomiation of a destination mobile station to one 
of the GGSN, each the SGSN and each the RNC upon 
occunrence of a request for coupling from a source mo- 
bile station; allowing the one of the GGSN , each the SG- 
SN and each the RNC to judge whether or not mobile 
stations subordinate to the one of the GGSN, each the 
SGSN and each the RNC includes the destination mo- 
bile station; allowing the one of the GGSN , each the SG- 
SN and each the RNC to transfer the request to a higher- 
order node or return the request to a lower-order node 
or controller or own network based on the judgement in 
the judging step; and accounting the request for cou- 
pling based on transfer or return of the request. 
[0018] In accordance with the GPRS network system 
and the method of the present invention, when a return 
path is fomied in the GPRS network, the costs for the 
communication can be reduced and congestion of the 
traffics at the higher-order nodes above the node at 
which the return path is fonmed for the packets can be 
avoided 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 is a block diagram of a GPRS network system 
according to an embodiment of the present inven- 
tion. 

Fig. 2 is an explanatory diagram showing data flows 
during a return operation at the radio network con- 
troller RNC in the GPRS network system of Fig. 1 . 
Fig. 3 Is a flowchart of operation of the mobile sta- 
tion and a radio network controller RNC in the 
GPRS network system of Fig. 1 . 
Fig. 4 is an explanatory diagram showing data flows 
during a return operation at the support node SGSN 
In the GPRS network system of Fig. 1 . 
Fig. 5 is a flowchart of the support node SGSN in 
the GPRS network system of Fig. 1 . 
Fig. 6 is an explanatory diagram showing data flows 
during a return operation at the gateway node 
GGSN in the GPRS network system of Fig. 1 . 
Fig. 7 is a flowchart of the gateway node GGSN in 
the GPRS network system of Fig. 1 . 
Fig. 8 is a block diagram of a typical communication 
system using the conventional GPRS. 
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PREFERRED EMBODIMENT OF THE INVENTION 

[0020] Now, the present Invention is more specifically 
described based on an embodiment thereof with refer- 
ence to accompanying drawings. Referring to Fig. 1, a 
GPRS network system, generally designated by numer- 
al 100. according to the embodiment of the present in- 
vention includes a home location register (HLR) 11, a 
gateway node (gateway GPRS support node: GGSN) 
12. support nodes (serving GPRS support nodes; SG- 
SN) 13 and 14, radio network controllers (RNC) 15 to 
18, and a plurality of mobile stations such as mobile sta- 
tions 19 and 20, which are connected in a hierarchical 
connection scheme. The GPRS network system 1 00 in- 
cludes a large number of other nodes and a large 
number of other mobile stations which are not specifi- 
cally shown in Fig. 1 . 

[0021] The home location register HLR 11 includes a 
communication equipment for directly communicating 
with the gateway node GGSN 12, support nodes SGSN 
13 and 14 and radio network controllers RNC 15 to 18. 
More specifically, the home location register HLR 11 in- 
cludes a receiver for directly receiving from the radio 
network controllers RNC 15 to 18 the location infomia- 
tion of all the mobile stations such as 19 and 20, which 
belong to the radio network controllers 1 5 to 1 8, as well 
as receiving a request of such Information from these 
nodes, and a transmitter for directly transmitting such 
information requested by the nodes including RNC. 
[0022] The home location register HLR 11 stores 
therein location infonmation including the international 
mobile subscriber ID (IMSI) and the IP addresses of 
each subscriber. The home location register HLR 11 al- 
so stores therein subscription data including the "SGSN 
address In use" for each mobile station which the con- 
ventional HLR stores therein. The subscription data in 
the HLR 11 In the network system 100 of the embodi- 
ment additionally includes the "RNC addresses in use" 
and "GGSN address in use"foreach mobile station. The 
home location register HLR 11 delivers these location 
data upon request thereof directly to the gateway node 
GGSN 1 2, the support nodes SGSN 1 3 and 1 4 and radio 
network controllers RNC 15 to 18. 
[0023] The "RNC address in use" is a current RNC 
address of the mobile station, I.e., the address of the 
radio network controller RNC to which the mobile station 
belongs, and is stored in the home location register HLR 
1 1 by the mobile station at the registry or update of the 
location of the mobile station. Similarly, the "GGSN ad- 
dress in use" is a current GGSN address of the mobile 
station stored in the home location register HLR 11 by 
the mobile station at the location registry or update 
thereof. 

[0024] The radio network controller RNC 1 5 to 1 8 col- 
lects up-link calls from the subordinate base stations be- 
longing to the radio network controllers RNC 15 to 18. 
Each RNC constitutes a starting point and a terminal 
point of a GTP (GPRS tunneling protocol) encapsulat- 



ing. Each RNC in the embodiment includes a commu- 
nication path control block and an interface, i.e., com- 
munication block for communicating with the home lo- 
cation register HLR 11. More specifically, the RNC in- 
5 eludes a transmitter for transmitting the location registry 
data for the mobile stations (user temninals), which be- 
long to the subordinate network of the RNC, to the HLR 
1 1 , and a receiver for receiving registered location infor- 
mation from the HLR 11 . The communication path con- 

10 trol block allows a packet to be f onvarded through a for- 
ward path to a higher-order node or to be turned back- 
ward through a return path to a lower-order node. 
[0025] The radio network controller RNC has a PDP 
context (packet data protocol) as call control infonna- 

15 tion, the PDP context including a destination table used 
for communication between mobile stations. The PDP 
context in the present embodiment also includes a pack- 
et counter for counting the packet data to be turned back 
and a flow meter for measuring the amount of the packet 

20 data, whereby the PDP context accounts the packets 
turned back through the return path and bill the subscrib- 
er for the packet service. The RNC also has other data 
functions which the conventional RNC generally have. 
[0026] Each of the support nodes SGSN 13 and 14 

25 functions as a packet data service node and relays GTP 
packets between the subordinate radio network control- 
lers RNC and the superordinate gateway node GGSN. 
The support node SGSN collects up-IInk calls from the 
subordinate radio network controllers RNC. The SGSN 

30 includes a mobility management context (MM context) 
as subscriber data, and an Interface or communication 
equipment for communicating with the home location 
register HLR 11, More specifically, the SGSN includes 
a transmitter for transmitting a request for registered lo- 

35 cation infomriation of a specified mobile station to the 
home location register HLR 11, and a receiver for re- 
ceiving the registered location information of the speci- 
fied mobile station from the HLR 11. The support node 
SGSN also includes a communication path control block 

40 which enables a request for coupling to be turned back- 
ward at the own node, and stores a destination table for 
communication between the mobile stations in the PDP 
context, i.e., call control information. The support node 
SGSN also has other functions, which the conventional 

45 support nodes SGSN generally have. 

[0027] The gateway node GGSN 12 functions as a 
gateway between the radio access network 1 00 and the 
internet 200 in the present embodiment. The gateway 
node GGSN 12 collects up-link calls from the subordi- 

50 nate support nodes SGSN 1 3 and 1 4, and constitutes a 
starting point and a temriinal point for a GTP encapsu- 
lating. 

[0028] The gateway node GGSN 12 includes, as a 
communication interface, a transmitter for transmitting 
55 a request for registered location infonnation of a speci- 
fied mobile station to the home location register HLR 1 1 
and a receiver for receiving the registered location in- 
formation of the specified mobile station from the HLR 
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11. The GGSN 12 includes a destination table for com- 
munication between the mobile stations in the PDP con- 
text. The GGSN 12 also Includes a communication path 
control block which Is capable of turning backward a re- 
quest for coupling at the own node, and a t\AM context 
as subscriber data. 

[0029] The mobile station MS includes a transmitter 
and a receiver for performing radio communication with 
the radio network controller RNC via the base station 
(not shown). The mobile station has a global IP address 
and receives an external request for coupling therewith 
by using the global IP address. 
[0030] The specified functions of each node Including 
the RNC and the mobile stations may be Implemented 
by hardware configurations in the communication sys- 
tem of the present embodiment as described above. 
However, these functions may be preferably implement- 
ed by software using computer programs having re- 
spective functions and loaded on a memory of a com- 
puter or processor. The computer programs are gener- 
ally stored in a storage media such as a magnetic disk 
or semiconductor memory. Those functions are imple- 
mented by loading the computer programs on the proc- 
essor from the storage media and running the processor 
on the computer progranns. 

[0031] Communication between the mobile stations in 
the communication system 100 by using a return path 
at . the radio network controller RNC will be described 
with reference to Fig. 2 showing the packet flows in the 
system and Fig, 3 showing the flowchart of the mobile 
station and the radio network controller RNC. It is as- 
sumed that the source mobile station 19 is to transmit 
packets to the destination mobile station 20A, both be- 
longing to the nodes or cellular network subordinate to 
the same RNC 15. 

[0032] The packet service is provided by the commu- 
nication system 1 00 in the case wherein the destination 
mobile station is a GPRS subscriber having an interna- 
tional mobile subscriber ID (IMSl), First, each mobile 
station attempts to register the location hereof, i.e.. re- 
quests registry of the location thereof upon power ON 
thereof. In this example, after the source mobile station 
19, for example, transmits a GTP control message "at- 
tach request" to the corresponding radio network con- 
troller 1 5 (step S1 1 ). the higher-order support node SG- 
SN 13 delivers notification of the current location of the 
mobile station 19 to the home location register HLR 11 
(step SI 2), which registers therein the current location 
information of the mobile station 19. 
[0033] If the mobile station 1 9 transmits a request for 
coupling before packet transmission in step 81 3, the 
corresponding radio network controller RNC 15 stores 
the IMSl and IP address of the destination of the cou- 
pling request in the destination table A1 of the PDP con- 
text in the RNC 15 (step S21). 
[0034] The radio network controller RNC 15 then de- 
livers to the home location register HLR 11 an Inquiry of 
the IP address of the radio network controller RNC 18, 



to which the destination mobile station 20A belongs, 
based on the destination IMSl as a key (step S22). The 
RNC 15 then receives the destination RNC address 
from the home location register HLR 11 , and stores the 
5 received destination RNC address in the destination ta- 
ble A1 (step S23). 

[0035] The radio network controller 15 then judges 
whether or not the destination RNC address coincides 
with the source RNC address, i.e., the address of the 

10 RNC 1 5 to which the source mobile station 1 9 belongs, 
based on the destination table A1 (step S24). If it is 
judged in step S24 that the destination RNC address 
coincides with the source RNC address, the radio net- 
work controller 15 delivers paging for the destination 

'5 mobile station 20A through the subordinate network 
(step S25). Subsequently, the source mobile station 19 
delivers data packets toward the destination mobile sta- 
tion 20A. 

[0036] The radio network controller RNC 1 5 turns the 
20 data packets delivered from the source mobile station 
1 9 toward the subordinate network to deliver the data 
packets to the destination mobile station 20A in the net- 
work (step S26). Each radio network controller RNC in 
the present embodiment has an accounting device and 
25 a flow meter in the PDP context A1 for accounting the 
data packets subjected to a return service. 
[0037] If it Is judged in step S24 that the destination 
RNC address does not coincide with the'^RNC IP ad- 
dress of the source mobile station 1 9, the radio network 
30 controller 15 transfers the packet of request through a 
forward path toward the higher-order support node SG- 
SN13. 

[0038] Figs. 4 and 5 show packet flows and a flow- 
chart, respectively, in the case of packet return at the 

35 support node SGSN. It is assumed in this case that the 
mobile station 19 belonging to the radio network con- 
troller RNC 1 5 Is to deliver data packets toward the des- 
tination mobile station 20B belonging to another radio 
network controller 16 having the common higher-order 

40 support node SGSN 1 3. 

[0039] In the case of packet return at the support node 
SGSN, steps S11 . S12, and S21 to S24 are similar to 
those In the case of the packet return at the radio net- 
work controller RNC, and thus the flowchart of Fig. 5 

« Includes these steps S1 1, SI 2, and S21 to S24 although 
these steps are omitted for depiction in Fig. 5, 
[0040] The source mobile station ISfirst delivers a re- 
quest for coupling with the destination mobile station 
20B before the data packet transmission (step S13). If 

50 It is judged by the radio networi< controller RNC 15 in 
step S24 that the destination RNC address does not co- 
incide with the RNC IP address of the source mobile sta- 
tion 19, the RNC 15 understands that the destination 
mobile station 20B belongs to another radio network 

55 controller RNC. Thus, the RNC 15 attempts to access 
the higher-order support node SGSN 13 in step S27. 
[0041] The higher-order support node SGSN 13 
makes a copy of the destination table A1 In the radio 
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network controller 15 and stores the copy as the own 
destination table A2 in the POP context of the support 
node SGSN 13 (step S31). The support node SGSN 13 
then delivers an Inquiry of the SGSN address of the des- 
tination niobile station to the home location register HLR 
11 based on the destination IMS! as a key (step S32). 
The support node SGSN 13 then receives the destina- 
tion SGSN address In use from the home location reg- 
ister HLR 1 1 and stores the same as a destination SGSN 
address In the own destination table A2 (step S33). 
[0042] Subsequently, the support node SGSN 1 3 de- 
livers a message "create PDP context request" to the 
radio network controller RNC 16. thereby creating a 
GTP tunnel on the destination side. The tunnel in this 
direction is not prescribed in the 3GPP specification. 
Then, the source mobile station 19 delivers data pack- 
ets, which are received by the support node SGSN 13 
via the radio network controller RNC 1 5 and turned back 
at the support node SGSN 13. The data packets thus 
returned are delivered through the return path to the 
destination mobile station 20A via the radio network 
controller 16 (step S36). The accounting for the data 
packets is effected for the case of the packet return serv- 
ice. 

[0043] If it is judged in step S34 that the destination 
SGSN address does not coincide with the SGSN IP ad- 
dress of the support node to which the source mobile 
station 1 9 belongs, the support node SGSN 1 3 transfers 
the packet of request through the forward path toward 
the higher-order gateway node GGSN 12 (step S37). 
This case, i.e., packet return at the gateway node GGSN 
will be described hereinafter with reference to Figs. 6 
and 7. 

[0044] It Is assumed in this case that the source mo- 
bile station 19 is to deliver data packets to the destina- 
tion mobile station 20C belonging to a radio network 
controller RNC 1 7 which is subordinate to another sup- 
port node SGSN 14. 

[0045] In the case of return at the gateway node 
GGSN, the steps S11, SI 2, S21 to S24 and S31 to 34 
are similar to those in the case of return at the support 
node SGSN, and omitted for depiction In Fig. 7. After 
the source mobile station 1 9 delivers a request for cou- 
pling (step S13) and the support node SGSN 13 recog- 
nizes that the destination SGSN address does not co- 
incide with the SGSN IP address of the support node 
SGSN 1 3 to which the source mobile station 1 9 belongs 
(step S34), the support node SGSN 13 attempts to ac- 
cess the higher-order gateway node GGSN 12 (step 
S37). 

[0046] The gateway node GGSN 1 2 makes a copy of 
the destination table A2 in the support node SGSN 13 
and stores the copy In the PDP context as the own des- 
tination table A3. The destination table A3 so far in- 
cludes the destination IMSI, destination mobile station 
IP address, and destination SGSN IP address. The 
gateway node GGSN 12 delivers an inquiry of the 
GGSN address in use" to the home location register 11 



based on the destination IMSI as a key (step S42). The 
gateway node GGSN 12 receives the GGSN address in 
use and stores the same in the own destination table A3 
as the destination GGSN address (step S43). 

5 [0047] The gateway node GGSN 12 then judges 
whether or not the destination GGSN address coincides 
with the source GGSN address of the gateway node 12 
to which the source mobile station 19 belongs (step 
844). If It is judged In step S44 that the destination 

10 GGSN address coincides with the source destination 
GGSN address, the gateway node GGSN 12 accesses 
the radio network controller 1 7 based on the destination 
RNC address and the destination SGSN address. 
[0048] Thus, the radio network controller RNC 1 7 ac- 

15 cessed by the gateway controller GGSN 12 delivers a 
paging through the subordinate network for the destina- 
tion mobile station. Subsequently, a message "create 
PDP context request" is delivered through the radio net- 
work controller RNC 15 and support node SGSN 13 to 

20 the gateway node GGSN 12, thereby creating a GTP 
tunnel on the source side. 

[0049] Then, a message "create PDP context re- 
quest" Is delivered from the radio network controller 
RNC 1 5 through the gateway node GGSN 1 2 to the sup- 
25 port node SGSN 14, thereby creating a GTP tunnel on 

the destination side. The creation of the tunnel in this 
direction is not prescribed in the cun-ent 3GPP specifi- 
cation. 

[0050] Subsequently, the source mobile station 19 

30 transmits data packets, which are delivered through the 
radio network controller RNC 15 and support node SG- 
SN 13 to the gateway node GGSN 12, and turned back 
at the gateway node GGSN 12. The returned packets 
are then delivered through the return path, i.e., through 

35 the support node SGSN 1 4 and the radio network con- 
troller RNC 17 to the destination mobile station 20C 
(step S46). The accounting for the packets is effected 
for the case of the packet return service. 
[0051] If it is judged in step S44 that the destination 

40 GGSN address does not coincide with the source 
GGSN IP address of the gateway node GGSN 12 to 
which the source mobile station 19 belongs, the gate- 
way node GGSN 12 transfers the packet delivered from 
the source mobile station 19 to the destination GGSN 

45 address, such as the address of the GGSN 21 in the IP 
network 200 (step S47). It Is to be noted that a plurality 
of gateway nodes GGSN may be provided in a single 
network system, although a single gateway node is de- 
picted in the network system of Fig. 1 . In such a system, 

50 the gateway node GGSN to which the source mobile 
station belongs transfers the packet to another gateway 
node GGSN, which returns the packet within the net- 
work. 

[0052] As will be understood from the above descrlp- 
55 tion, the nodes in the GPRS network system of the em- 
bodiment have the functions as described below. 
[0053] The home location register HLR stores therein 
infonnatlon of each subscriber including the IMSI and 
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IP address thereof, as well as the GGSN address in use, 
SGSN address in use and RNC address in use of the 
each subscriber, updating these data upon receiving 

such information. 

[0054] The radio network controller RNC transmits 
the location registry data of subordinate mobile stations 
to the home location register HLR, buffers the packet of 
a request for coupling upon occurrence of the request 
from a source mobile station, and directly obtains the 
location information of the registered destination mobile 
station from the HLR. The RNC judges whether or not 
the destination mobile station belongs to the subordi- 
nate network based on the registered location informa- 
tion of the destination mobile station delivered from the 
home location register HLR. The RNC couples the com- 
munication path to the destination mobile station if it be- 
longs to the subordinate network, whereas the RNC 
transfers the request for the coupling through the for- 
ward path to the higher-order support node SGSN if the 
destination mobile station belongs to the network of an- 
other RNC. 

[0055] The support node SGSN buffers the packet of 
the request for coupling after the radio network control- 
ler RNC transfers the request delivered from the source 
mobile station. The SGSN obtains the registered loca- 
tion infonnation of the destination mobile station directly 
from the home location register HLR. The SGSN judges 
whether or not the "SGSN address in use" coincides 
with the own SGSN address based on this registered 
location information. The SGSN couples the communi- 
cation path to the destination radio network controller 
RNC if the destination SGSN address coincides with the 
own SGSN address, whereas the SGSN transfers the 
request through the iomard path to the higher-order 
gateway node GGSN if the destination SGSN address 
does not coincide with the own SGSN address. 
[0056] The gateway node GGSN buffers the packet 
of the request for coupling after the radio network con- 
troller RNC transfers through the support node SGSN 
the request delivered from the source mobile station. 
The GGSN obtains the registered location Infomnation 
of the destination mobile station directly from the home 
location register HLR. The GGSN judges whether or not 
the "GGSN address in use" coincides with the own 
GGSN address based on this registered location Infor- 
mation. The GGSN couples the communication path to 
the destination SGSN address if the destination GGSN 
address coincides with the own GGSN address, where- 
as the GGSN transfers the request to the destination 
GGSN address if the destination GGSN address does 
not coincide with the own GGSN address. 
[0057] It should be noted that the paging may be ef- 
fected by the radio network controller RNC to which the 
destination mobile station belongs after the data pack- 
ets are transmitted to the destination RNC, although the 
data packets are transmitted after the paging in the 
above embodiment. 

[0058] In the above embodiment, each of the nodes 



GGSN, SGSN and RNC includes a path control block 
having a function of forming a return path. However, a 
specified node or specified nodes of them may have 
such a function, whereas the remaining nodes or node 
5 do not have such a function. For example, the radio net- 
work controller RNC may be a conventional one, and 
the support nodes SGSN and/or gateway nodes GGSN 
may turn back the packets at the own nodes. In this 
case, the support node and/or the gateway node may 
10 directly deliver the location registry Infonnation of the 
own mobile stations. In an alternative, only the radio net- 
work controller RNC may have such a return function. 
In addition, a base station subordinate to a radio network 
controller RNC may have such a return function and di- 
15 rectly access the home location register. 

[0059] In the above embodiment, each mobile station 
delivers a GTP control message "attach request" to the 
radio network controller RNC to which the each mobile 
station belongs, and the higher-order support node SG- 
SN delivers the location infonnation of the each mobile 
station directly to the home location register HLR. This 
configuration can be achieved by modifying the conven- 
tional location registry scheme so that the support node 
SGSN extracts the "GGSN address in use" and "RNC 
address in use" and Informs these addresses in use to- 
gether with the own SGSN address in use to the home 
location register. 

[0060] Since the above embodiments are described 
only for examples, the present invention Is not limited to 
the above embodiments and various modifications or al- 
terations can be easily made therefrom by those skilled 
in the art without departing from the scope of the present 
invention. 



Claims 

1. A general packet radio service (GPRS) network 
system comprising: 

a gateway node (GGSN: 12) having a function 
for coupling said GPRS network system (100) 
to an external packet data network (200) for 
packet transmission; 

a plurality of support nodes (SGSN: 13, 14) 
each subordinate and connected to said gate- 
way node (12) for packet transmission; 
a plurality of radio network controllers (RNC: 1 5 
to 16) each subordinate and connected to one 
of said support nodes (1 3, 1 4) for packet trans- 
mission, each said radio network controller (15 
to 18) having a subordinate cellular network; 
a plurality of mobile stations (19. 20) each cou- 
pled to said cellular network of one of said radio 
network controllers (15 to 18); and 
a home location register (HLR: 11) for storing 
current location infonnation of said mobile sta- 
tions (19, 20) In conjunction with ID thereof, 
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wherein: 

at least one of said GGSN (12), each said 
SGSN (13. 14) and each said RNC (15 to 
1 8) includes a transmitter for directly trans- 5 
mining to said home location register (11) 
current location information delivered from 
one of said mobile stations (19, 20), a re- 
ceiver for directly receiving said current lo- 
cation information of a specified one of said io 
mobile stations (19, 20) stored in said 
home location register (11), and a commu- 
nication path controller for transfen-ing a 
packet of a coupling request delivered from 
a source mobile station (19) through a for- 15 
ward path to a higher-order node or 
through a return path to a subordinate 
node, controller or cellular network. 



2. The GPRS network system according to claim 1, 20 
wherein said at least one Include all of said GGSN 
(11). said each SGSN (12, 13) and said each RNC 

(15 to 18). 

3. The GPRS network system according to claim 2, 25 
wherein each of said GGSN (11) and said each said 
SGSN (12, 13) receives, through a subordinate SG- 
SN (12, 13) or a subordinate RNC (15 to 18), infor- 
mation of a destination mobile station (20A, 20B, 
20C) delivered from said source mobile station (1 9). so 

4. The GPRS network system according to claim 1, 
wherein said communication path controller re- 
ceives location infomnatlon of a destination mobile 
station (20A, 20B, 20C) delivered from a subordi- 35 
nate node, radio network controller or cellular net- 
work, and receives additional location infonnation 

of said destination mobile station (20A, 20B, 20C) 
directly from said home location register (11). 

40 

5. The GPRS network system according to claim 4, 
wherein said communication path controller judges 
whether or not said location infomnation of said des- 
tination mobile station (20A, 208, 20C) includes an 
address of own node, and transfers a packet <s 
through said fonvard path or said return path de- 
pending on the judgment. 

6. The GPRS network system according to claim 5, 
wherein said communication path controller in- so 
eludes a packet counter and a data flow meter for 
accounting packets delivered through said return 
path. 

7. A general packet radio service (GPRS) network S5 
system comprising: 

a gateway node (GGSN: 11) having a function 



for coupling said GPRS network system (100) 
to an external packet data network (200) for 
packet transmission; 

a plurality of support nodes (SGSN: 13, 14) 
each subordinate and connected to said gate- 
way node (12) for packet transmission; 
a plurality of radio network controllers (RNC: 15 
to 18) each subordinate and connected to one 
of said support nodes (1 3, 1 4) for packet trans- 
mission, each said radio network controller (15 
to 18) having a subordinate cellular network; 
a plurality of mobile stations (19, 20) each cou- 
pled to said cellular network of one of said radio 
network controllers (15 to 18); and 
a home location register (HLR: 11) for storing 
current location infonnation of said mobile sta- 
tions (19, 20) in conjunction with ID thereof, 
wherein: 

said RNC includes a transmitter for directly 
transmitting to said home location register 
(11) current location infomnation delivered 
from one of said mobile stations, a receiver 
for directly receiving said cun^ent location 
infonnation of a specified one of said mo- 
bile stations (19, 20) stored in said home 
location register (11), and a communica- 
tion path controller for transferring a packet 
of a coupling request delivered from a 
source mobile station (19) through a for- 
ward path to a con-esponding said SGSN 
(13) or through a return path to a subordi- 
nate cellular network; and 
at least one of said GGSN (12) and each 
said SGSN (13, 14) includes another re- 
ceiver for directly receiving said cun-ent lo- 
cation Information of said specified one of 
said mobile stations (19, 20) stored in said 
home location register, and another com- 
munication path controller for transferring 
the packet of the coupling request deliv- 
ered from a source mobile station (19) 
through a fonward path to a higher-order 
node or through a return path to a subordi- 
nate node or controller. 

8. The GPRS network system according to claim 7, 
wherein said at least one include both of said GGSN 
(12) and said each SGSN (13, 14). 

9. The GPRS network system according to claim 8, 
wherein each of said GGSN (12) and said each said 
SGSN (13, 14) receives, through a subordinate SG- 
SN (13) or a subordinate RNC (15), infonnation of 
a destination mobile station (20) delivered from said 
source mobile station. 

10. The GPRS network system according to claim 7, 
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wherein each of said communication path controller 
and said another communication path controller re- 
ceives location information of a destination mobile 
station (20A, 20B, 20C) delivered from a subordi- 
nate node (13), radio network controller (1 5) or eel- 5 
lular network, and receives additional location infor- 
mation of said destination mobile station directly 
from said home location register (11), 

11. The GPRS network system according to claim 10, io 
wherein each of said communication path controller 
and said another communication path controller 
judges whether or not said location Infonnation of 
said destination mobile station (20A, 20B, 20C) in- 
cludes an address of own node, and transfers a is 
packet through said fonward path or said return path 
depending on the judgment. 

12. The GPRS network system according to claim 11, 
each of said communication path controller and 20 
said another communication path controller in- 
cludes a packet counter and a data flow meter for 
accounting packets delivered through said return 
path. 

25 

13. A method for communicating packets between mo- 
bile stations in a general packet radio service 
(GPRS) networ1< system, wherein a plurality of radio 
network controllers (RNC: 1 5 to 1 8) each controlling 
own cellular network, a plurality of support nodes so 
(SGSN: 13, 14) and a gateway node (GGSN: 12) 

are connected in a hierarchical order for packet 
transmission and wherein a home location register 
.(HLR: 11 ) stores current location information of mo- 
bile stations (19, 20) used in the network system, 3S 
said method comprising the steps of: 



allowing said HLR (11) to deliver location infor- 
mation of a destination mobile station (20) di- 
rectly to one of said GGSN (12), each said SG- 40 
SN (1 3, 1 4) and each said RNC (1 5 to 1 8) upon 
occurrence of a request for coupling from a 
source mobile station (19); 
allowing said one of said GGSN (12), each said 
SGSN (13. 14) and each said RNC (15 to 18) 45 
to judge whether or not mobile stations (19, 20) 
subordinate to said one of said GGSN (12), 
each said SGSN (13, 14) and each said RNC 
(15 to 18) Includes said destination mobile sta- 
tion (20); 50 
allowing said one of said GGSN (12), each said 
SGSN (13. 14) and each said RNC (15 to 18) 
to transfer said request to a higher-order node 
or to return said request to a lower-order node 
or controller or own cellular network based on S5 
the judgement In said judging step; and 
accounting said request for coupling based on 
transfer or return of said request. 
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FIG. 4 
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